Neutrino masses and mixings are investigated on the basis of a universal seesaw mass matrix model, in which quark (except for top) and charged lepton mass matrices M f and neutrino mass matrix GeV. In spite of the largesse of O(m R ), the observed top quark mass can be consistently understood from the would-be seesaw mass matrix with these mass scales.
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Introduction
One of the most exciting problem in the quark and lepton physics is to give a natural understanding of the observed hierarchical mass spectra of quarks and leptons in relation to the electroweak scale Λ W . In the conventional models, the fundamental fermions acquire their masses through the symmetry breaking of the electroweak symmetry at the energy scale µ = φ 0 L ≡ Λ W = 174 GeV. However, the observed mass values except for the top quark mass m t are considerably small compared with Λ W . Especially, the neutrino masses are invisibly small (or exactly zero). In relation to this problem, we know an interesting mechanism, the so-called "seesaw" mechanism.
The mechanism [1] was first proposed in order to answer the question why neutrino masses are so invisibly small: M ν ≃ −mM −1 m T , where m is a Dirac mass matrix with the order of the conventional quark and charged lepton masses and M is a Majorana mass matrix of the right-handed neutrino ν Ri (i is family-index). If we suppose m ν ≤ 10 eV and m = O(m τ ), the Majorana mass M must be larger than 10 8 GeV. Usually, in the most models, the order of M is taken as the order of the unification energy scale.
On the other hand, in order to understand why quark masses are so small compared with the electroweak scale Λ W , the mechanism was applied to the quarks [2] :
F m R , where M F is a mass matrix of hypothetical heavy fermions F i . If we take m L ∼ m W ∼ 10 2 GeV, m R ∼ 10 3 GeV and m f ∼ a few GeV, then the heavy fermion mass M F must be of the order of 10 5 GeV. However, it seems to be not economical that we have two different mass scales M and M F . Can we build a model with the same mass scale for M and M F ? The answer is Yes. Since the neutrino and quark mass matrices M ν and M f are given by
, respectively, we can understand the smallness of the neutrino masses by assuming
By the way, for the seesaw model for quarks, there seems to be a stumbling block: it seems that the observed top quark mass [4] m t ∼ Λ W apparently takes objection to the application of the seesaw mass matrix model to quarks. However, recently, it has been pointed out [5, 6] that the seesaw mass matrix model for quarks is rather preferable to understand why only top quark mass m t is of the order of the electroweak scale Λ W and why m t is so singularly enhanced in the third-family in contrast with m u ∼ m d in the first family. In the framework of the SU(2) L ×SU(2) R ×U(1) Y gauge model, the 6 × 6 would-be seesaw mass matrix for the fermion (f, F ) is given by
where f i (i = 1, 2, 3: family index) are the ordinary quarks (f = u, d) and leptons (f = ν, e), and F i are hypothetical vector-like heavy fermions corresponding to f i . The fermions f i and , 1) and 
It is well-known that the mass matrix (1.1) leads to the seesaw expression 2) for the case |λ| ≫ |κ| ≫ 1 and detM F = 0. On the contrary, for the case detM F = 0, the mass spectrum is given by [5, 6] 3) independently of the explicit structures of Z L , Z R and Y f . Note that the third fermion mass m f 3 is given by m f 3 ∼ m 0 without the suppression factor κ/λ. Therefore, if we build a model such as detM F = 0 in up-quark sector, we can understand why top-quark alone has a mass of the order of m L (∼ Λ W ). This fact (1.3) was first explicitly demonstrated by Fusaoka and the author [5] on the basis of a special seesaw mass matrix model, where M F is given by the form [(unit matrix)+(a rank-one matrix)], and then re-stressed by Morozumi et al. [6] , on the basis of a general study.
Thus, the result (1.3) seems to support the idea that the seesaw mass matrix model for the quarks should be taken seriously. Then, the problem is rather in the neutrino sector: Can the seesaw model, which can successfully describe the quark masses and mixings, satisfactorily describe the neutrino masses and mixings, too? The purpose of the present paper is to discuss the neutrino phenomenology on the bases of an explicit model which can satisfactorily describe the quark masses and mixings.
In the next section, we discuss the 12×12 mass matrix of the twelve Majorana neutrinos and we will re-derive the well-known form 
Neutrino Mass Matrix
The neutral lepton mass matrix which is sandwiched between (
and so on, is given by 1) where M D (≡ M N ) and M M are Dirac and Majorana mass matrices of the neutral heavy fermions N i . The matrices m L and m R are universal for all fermion sectors, i.e., f = u, d, e, ν, and the differences among up-/down-quark/lepton masses are generated by the differences of M F ≡ λY f . The heavy fermions F i belong to (1, 1) of SU(2) L ×U(2) R . Besides, the neutral heavy leptons N i do not have the U(1)-charge. Therefore, it is likely that when the Dirac masses (M D ) ij are generated between N Li and N Rj , the Majorana masses (M M ) ij are also generated between
Ri and N Rj ) with the same structure at the same energy scale µ = λm 0 . Hereafter, we put
For the case M M = M D , the diagonalization must be done carefully because the determinant of the 6 × 6 sub-matrix for (N 
We can see that, of the twelve components of the neutrinos, the three are approximately described by the mass matrix 2λm 0 Y ν . The remaining 9 × 9 mass matrix is given by
where we have used the formula of the seesaw approximation for the (n+m)×(n+m) matrix M:
Therefore, we obtain the following twelve Majorana neutrinos: (i) three heavy Majorana neutrinos with masses of the order of λm 0 , whose mass matrix is approximately given by
(ii) three sets of almost degenerate two Majorana neutrinos (the pseudo-Dirac neutrino [7] ) with masses of the order of κm 0 , whose mass matrix is approximately given by
8) and (iii) three light Majorana neutrinos with masses of the order of (1/λ)m 0 , whose mass matrix is approximately given by
Note that, differently from the models by , there are no neutrinos with masses of the order of (κ 2 /λ)m 0 , i.e., whose mass matrix is approximately given by
. The neutrinos which are described by the mass matrix (2.9) consist of almost left-handed neutrinos ν Li . Therefore, our task is to seek for such matrix forms of Z L , Z R and Y f as those can give reasonable quark and lepton masses, Cabibbo-Kobayashi-Maskawa (CKM) [8] matrix, and neutrino mixings, where the mass matrices of down-quarks and charged leptons are given by (1.2) 
f Z R with detY f = 0, that of up-quarks is given by (1.1) with detY u = 0, and that of neutrinos is given by (2.9).
A Simple Case
As an explicit model of the universal seesaw mass matrix models which give phenomenologically reasonable predictions for quarks, there is a model which has been proposed by Fusaoka and the author [5] . In their model, the matrices are simply taken by
and
where 1 and X are a 3×3 unit matrix and a rank-one matrix normalized as X 2 = X, respectively. They have assumed that the matrix Z is given by a diagonal form in the family-basis on which X is democratic form:
They have used the input values 4) from M e ≃ (κ/λ)m 0 Z · 1 · Z by assuming b e = 0 in the charged lepton sector as a trial. Then, for up-quark sector with detY u = 0, i.e., with b u = −1/3, they have obtained the successful relations
As we noted in ( Therefore, our next interest is whether Model I is applicable to neutrino phenomenology under the same parameter values or not. Although they have taken κ = 10 tentatively, the parameter κ is essentially free because we does not yet observe the right-handed weak boson. [The case with a small κ (e.g., ∼ 10) is very attractive from the phenomenological standpoint, because the case can bring us detectable new physics in abundance [9] . However, in the present paper, since we intend to give a unified description of quark and neutrino mass matrices without assuming further additional intermediate mass scale, we do not consider the case with κ ∼ 10.] Also, although the parameters b f have been taken as b e = 0, b u = −1/3 and b d ≃ −e iπ/10 in Ref. [5] , the value of b ν in the neutrino sector is still free. Therefore, for the neutrino masses and mixings, we have three adjustable parameters, i.e., b ν (complex) and m 0 /λ (real). (i = 1, 2, 3) and mixings U αi (α = e, µ, τ ; i = 1, 2, 3) for three light neutrinos are given as follows [10] .
7)
Case b ν ≃ −1/2:
9)
Case b ν ≃ −1:
Neutrino Data and their Interpretations
As possible evidences for non-zero neutrino masses, at present, the following data are known: (a) The solar neutrino data [11] with the Mikheyev-Smirnov-Wolfenstein (MSW) effect [12] have suggested
(the small-angle solution), or
(the large-angle solution).
(b) The atmospheric neutrino data reported by the Kamiokande collaboration [13] have suggested a neutrino mixing ν µ ↔ µ x :
for x = µ (x = e).
(c) The neutrino oscillation (ν µ → ν e ) experiment by the liquid scintillator neutrino detector (LSND) [14] at Los Alamos has been reported nonzero neutrino mass: In the three-family model, the neutrino oscillation
where 8) and we have neglected CP -violation terms in (4.6).
In the case (A 1 ), since ∆m
, we can regard S ij as S 21 ≃ 0 and S 31 = S 32 = 1/2 for the atmospheric neutrinos, where S ij denotes the mean value of S ij (L/E ν ). Then, by using
the ratio 9) is expressed as
Therefore, in the case (A 1 ), instead of (4.3), we temporize with (4.10) whose value is consistent with the observed value [13] R atm = 0.57
However, both cases b ν ≃ −1/3 and b ν ≃ −1, from (3.7) and (3.11), respectively, give R atm ≃ 1 − 2m µ /m τ ≃ 1, which is in disagreement with the observed value (4.11) . On the other hand, the mixing parameter sin 2 2θ ⊙ in the MSW solutions is interpreted by sin
The cases b ν ≃ −1/3 and b ν ≃ −1 give (4.13) and (4.14) which are consistent with the small-and large-angle solutions (4.1) and (4.2), respectively.
In the case (A 2 ), since ∆m
, we can regard S ij as S 21 = S 31 = S 32 = 1/2 for ν ⊙ . Then, we obtain (4.15) According to the recent analysis by Acker and Pakvasa [17] we will search for a solution which is consistent with
The cases b ν ≃ −1/3 and b ν ≃ −1, from (3.7) and (3.11), give P ee ≃ 1 and P ee ≃ 1/2, respectively. Therefore, only the case b ν ≃ −1 can explain the solar neutrino data. On the other hand, the mixing parameter sin 2 2θ atm is interpreted by sin
The cases b ν ≃ −1/3 and b ν ≃ −1 give sin 2 2θ atm ≃ m e /m µ ≃ 0.005 and sin 2 2θ atm ≃ 1, respectively. Again, only the case b ν ≃ −1 is favorable to the data. In both cases (A 1 ) and (A 2 ), the mixing parameter sin 2 2θ LSN D is given by
The cases b ν ≃ −1/3 and
which is too small compared with the observed mixing value (4.4) . Similarly, for the case (B 1 ), we use the expressions
The mixing matrix (3.9) gives sin 2 2θ ⊙ ≃ (m e /m µ ) 2 ≃ 2 × 10 −5 and R atm ≃ 1 − m e /2m µ ≃ 1, which are in disagreement with the data. In the case (B 2 ), the solar neutrino data is explained by P ee given by (4.15) , and the mixing parameter in ν atm is expressed by
Since the mixing matrix (3.9) gives P ee ≃ 1 and sin 2 2θ atm ≃ 1, we fail to explain the ν ⊙ data, but we can understand the large mixing in ν atm . For both cases (B 1 ) and (B 2 ), the mixing parameter sin 2 2θ LSN D is given by The results are summarized in Table I . We find that the present model cannot give a simultaneous interpretation for the three neutrino data, ν ⊙ , ν atm and ν LSN D . We must give up the explanation of one of the three data.
As suggested by the case (B 2 ) in Table I , if we give up explaining the solar neutrino data, we can find an interesting solution: (∆m somewhat small compared with the mass value in the CHDM scenario (4.5), these neutrinos can still be one of the dark matter objects When the LSND data are neglected, the case (A 2 ) with b ν ≃ −1 is also interesting. For example, the parameter value b ν = −e iβν with β ν = 1.8
• gives (4.29) which are favorable to the data of ν ⊙ and ν atm . On the other hand, the input The value m ν i ≃ 19 eV is somewhat large to identify these neutrinos as those in the dark matter scenario. In the present case, although the third neutrino has a considerably large value m ν 3 = 18.7 eV, the effective electron neutrino mass m ν is safely small compared with the upper bound on m ν from the neutrinoless double beta decays, m ν < 0.68 eV [18] , because of the smallness of |U Table II .
In Table II , we summarize these typical cases. For reference, in [19] and NOMAD [20] experiments at CERN are expected to present results on the ν µ → ν τ oscillation in the very near future. As pointed out by Tanimoto [21] µτ ≃ 4m µ /m τ , so that the case will be hopeful to observe the evidence of the ν µ → ν τ oscillation.
In Table II , we also list the value of the intermediate mass scales κm 0 and λm 0 , which are obtained by the following relations: 4.34) from (3.5) and 
Conclusions
In conclusion, we have investigated a universal seesaw mass matrix model with a form (1.1), and have found that the model has a possibility of giving a unified description of a mass hierarchy of quarks and leptons by assuming detM F = 0 for the heavy fermion mass matrix M F in the up-quark sector. Here, the "hierarchy" discussed in the present paper means the mass hierarchy among the three groups, (i) top quark, (ii) quarks except for top and charged leptons, and (iii) neutrinos. For example, in Model I, the hierarchy among m e , m µ and m τ are given by hand, i.e., by adjusting the parameters z i in the order-one matrices Z ≡ Z L = Z R . It is our task at the next step to answer why these matrices Z L , Z R and Y f take such structures.
In the SU(2) L ×SU(2) R ×U(1) Y model, it is likely that the neutral heavy leptons acquire Majorana masses M M together with the Dirac masses M N with the same structure and the same magnitude, i.e., M M = M N . Then, masses of the twelve Majorana neutrinos are given by (2.7)- (2.9) . In the present model, heavy neutrinos with masses of the order of (κ 2 /λ)m 0 do not appear, and, instead, pseudo-Dirac neutrinos with masses of the order of κm 0 appear.
A suitable choice of the matrices Z L , Z R and Y f will give a unified descriptions of masses and mixings of quarks and leptons. As a simple example of Z L , Z R and Y f , a model with (3.1)-(3.3) , Model I, has been investigated. The model can give a unified description of masses and mixings of quarks and charged leptons [5] . However, the straightforward application to the neutrino phenomenology fails to give the simultaneous explanation of the solar, atmospheric and LSND neutrino data. If we give up explaining one of these three data, for example, if we give up the explanation of the solar neutrino data, we obtain the intermediate mass scales If we take all of the neutrino data, ν ⊙ , ν atm and ν LSN D seriously, we must seek another set of the matrices Z L , Z R and Y f or we must abandon the idea O(M N ) = O(M F ) (F = E, U, D). Although the model with Z L = Z R , Model I, has successfully described the quark masses and their mixings in terms of charged lepton masses, there is no reason that we should consider Z L = Z R . It will be worth while investigating a model with Z L = Z R for quarks and leptons. It will also be worth while investigating a model with O(M N ) ≫ O(M F ) (F = E, U, D). The latter possibility will bring abundant light neutrinos into the model (for example, see a model given in [10] ), although it is not economical because it bring additional intermediate mass scale into the model. Model I discussed in Secs. III and IV is only an example. There will be many interesting versions of the universal seesaw model. The universal seesaw model will be one of the most promising models of the quark and lepton unification. . The numerical results have obtained from the direct evaluation of the mass matrix (2.1) without using the approximate expressions (3.7), (3.9) and (3.11) . The values with the symbols • and • denote that those are favorable and unfavorable to the observed data, respectively. • R atm ≃ 0.9
• sin 2 2θ LSN D ≃ 6 × 10 
